bors can produce a much larger potential that is far above threshold in the first cell.
Properties of Transmission
An issue of both historical and current interest is the The recently described coupling between interneurons generation of "spikelets," brief low-amplitude potentials exhibits the low pass filter characteristic of electrical looking like action potentials, but much smaller (e.g., synapses, which is a consequence of the conductance Stuart et al., 1997; Valiante et al., 1995). A spike cannot of the gap junctions feeding into the parallel capacitance be generated without a much larger potential change and conductance of the postsynaptic cell (Figure 4) . than provided by a spikelet, because the spikelet voltage Thus, postsynaptic responses are slowed as well as is too small to activate the channels of electrically excitattenuated relative to the presynaptic potential. The deable membrane. Thus, spikelets should be generated lay is most evident for action potentials; the peak of the some distance from the recording site, representing postsynaptic potential is clearly delayed relative to the much larger impulses that fail to propagate in dendrites peak of the presynaptic impulse (Bennett, 1977 (Bennett, , 2000  or to cross an electrical synapse. However, there is a Galarreta and Hestrin, 1998). With reasonable cell caproblem with this picture; the decay of the spikelet can pacitances and junctional conductances, synaptic debe faster than passive decay of a potential in the soma, for example, that evoked by a brief depolarizing pulse lays can be comparable to those at chemically transmit- For many neurons, the time integral of the action pok 12 ϭ g j /(g j ϩ g 2 ) Ͼ k 21 ϭ g j /(g j ϩ g 1 ).] In networks, like those of inhibitory interneurons, the tential is negative when the undershoot is included, and the net postsynaptic effect at an electrical synapse can coupling conductance determined from soma to soma is only a qualitative measure that reflects access resisbe inhibitory (Figure 5 ). The amplitude of the undershoot depends strongly on the resting potential and how the tance through the dendrites, leakage from the dendrites, the location of the gap junction(s), and the electrical presynaptic impulse is evoked, as well as on K ϩ activation and deactivation. If the resting potential is close to pathways through other cells to which the measured cells are coupled. For depolarization and spike transmisthe K ϩ equilibrium potential, an action potential evoked by a brief stimulus will have no undershoot; an undersion, the propagation of action potentials in the dendrites is a possible factor, and if a dendrodendritic gap shoot will be present, if the response is evoked by a long-lasting current. In general, the potential immedijunction is closer to one soma than the other, spike transmission will be greater to the closer soma, other ately after the spike approaches but does not cross the K ϩ equilibrium potential. (In exceptional cases, electrothings being equal.
Although not yet observed experimentally for interneurons, the coupling coefficient for genic Na ϩ pumping may hyperpolarize the cell below the K ϩ equilibrium potential.) Physiologically, propagaspike transmission (in one direction) could be greater than that for low-frequency transmission that is pastion of an action potential or initiation by a brief EPSP is equivalent to initiation by a brief stimulus, whereas sively propagated along the dendrite. Where axons more than a few space constants long make gap junctions initiation of a train of action potentials by a barrage of EPSPs is comparable to initiation by a long-lasting on downstream cells, presynaptic impulses will be excitatory to the postsynaptic cell, but electrotonic spread current. A subthreshold excitatory synaptic input to one cell will depolarize a coupled cell; however, when the of DC potentials between upstream and downstream somata will be negligible. The Cx36 knockout mouse had an unanticipated pheof the interneurons was greatly reduced, but patterns notype in respect to the inferior olive. It had been thought of firing were not much affected, indicating that the that oscillations in this structure were responsible for frequency was set by the circuit rather than the coupling. the tremor induced by harmaline, which has about the It is likely that divergent excitation from relay to reticular same frequency as the oscillations. Also, since harmacells and/or divergent inhibition from reticular to relay line increases oscillatory activity in the inferior olive, it cells is sufficient for significant synchronization. Howwas reasonable to believe that synchronous firing in the ever, one would expect that, in contrast to LTS interneuolive would mediate the tremorogenic action of harmarons, the oscillations would be blocked by GABA antagonists. Thus, electrical coupling is not required for the line. Surprisingly, harmaline induces tremors in the Cx36 knockout mouse that are indistinguishable from those firing of the recorded cell is still present, but the activity can be completely blocked by hyperpolarization, consisin the wild-type (Kistler et al., 2002; Long et al., 2002) . One possibility is that feedback loops with the deep tent with a cell intrinsic oscillation that is synchronized with that of other cells by electrical coupling and that is cerebellar nuclei mediate oscillation of sufficient synchronization to account for the tremor, which at 10 Hz independent of coupling to astrocytes. The ME-induced current is reduced in carbenoxolone (Travagli et al., is far from requiring the speed of electrical coupling. Another surprise is that the Cx36 mouse shows no obvi-1995). Calculation from the extent of the reduction (by ‫3/1ف‬ rd ), the K equilibrium potential, and the amplitude ous loss of motor coordination tested with respect to walking and to staying on a rotorod, a rotating horizontal of the ME-induced hyperpolarization with uniform application, suggests that the total gap junctional conduccylinder that is gradually accelerated until the animal falls off. These tests do not appear equivalent to living tance is about equal to the nonjunctional conductance. Thus, the coupling coefficient from the surrounding cells in the great out-of-doors, but the rotorod does push the mouse to its limit in this task. Other effects in the Cx36 acting together is about 0.5, whereas the coupling coef- ]-enkephalin (ME), which increases K ϩ conlong-lasting current pulses. The most direct evidence of an axo-axonal site of coupling was spread of the ductance, but the apparent reversal potential for the hyperpolarization is very negative to the K ϩ equilibrium fluorescent dye, rhodamine 123, between apparent pyramidal cells via axo-axonal contacts in stratum oriens. potential (Travagli et al., 1995) . Local application of ME produces a hyperpolarization with a reversal potential These axo-axonic synapses are proposed to underlie ultrafast (Ͼ100 Hz) ripple oscillations in the hippocampal much closer to the K ϩ equilibrium potential, as does bath application in carbenoxylone. Evidently, hyperpopyramidal layers. Mediation by electrical synapses is confirmed by persistence in the presence of blockers larization applied in the cell body is attenuated at dendritic sites or in coupled cells where ME is causing K 
